Obesity poses an increasing problem in patients with endstage heart failure (HF). The most commonly used indicator of obesity is body mass index. The value of this parameter is widely taken into consideration when selecting the best way of treatment for patients with advanced HF. The aim of this paper is to outline the recent knowledge about obesity in the abovementioned group of patients.
Introduction
Obesity is an increasing social and health problem in developing countries. The most commonly used indicator to evaluate obesity is the body mass index (BMI) calculated as weight in kilograms divided by height in meters squared (kg/m 2 ). Obesity is defined as a BMI of 30 kg/m 2 or more. In general, population obesity is considered a major risk factor of type 2 diabetes and cardiovascular diseases [1] [2] [3] [4] [5] [6] [7] . The BMI is also an important parameter taken into consideration during the selection of treatment in end-stage heart failure (HF). As generally acknowledged, treatment options in this group of patients include optimal medical treatment, mechanical circulatory support (MCS), and heart transplantation (HT) [8] . Pre-transplant BMI > 30 kg/m 2 and percent ideal body weight (PIBW) > 140% are associated with a poor outcome after the surgery. Therefore, the ISHLT (International Society of Heart and Lung Transplantation) guidelines for the care of HT candidates recommend weight loss to achieve a BMI of < 30 kg/m 2 or percent BMI of < 140% of target before listing for HT [8] . It should be noted that finding an appropriate donor for an obese recipient often proves difficult. The guidelines of the ISHLT recommend that the heart from a donor weighing < 70% of the recipient's body weight should not be accepted unless the organ is from a male donor weighing > 70 kg [8] . In their clinical practice, some HT centers use a more conservative 20% instead of the 30% weight mismatch recommended by the ISHLT Guidelines, and patients with a BMI > 30 kg/m 2 may wait longer due to the inability to identify an appropriately matched donor and are significantly less likely to receive a HT than patients of normal weight [9] . A chance for obese patients with end-stage HF is offered by MCS. Some researchers have found no association between a higher BMI and increased mortality after left ventricular assist device (LVAD) implantation [10, 11] . Furthermore, obese patients achieve a significant weight loss after device implantation compared to the medically treated group [12] . In such situations, an LVAD is really a bridge to HT.
Obesity and the cardiac muscle
Obesity is a great load for a human heart. It is widely known that the morphology and the function of the obese patient's heart are impaired. The cardiac output is increased, which leads to hypertrophy of the left ventricle and anterograde diastolic and systolic dysfunction of both ventricles. Moreover, overweight is strongly associated with hypertension, diabetes mellitus and sleep apnea, all of which contribute to the deteriorating function of the REVIEW PaPER cardiovascular system [1, 2, 4, 7] . The progressive worsening of heart dysfunction is the reason why the blood flow is reduced, while muscles are more insufficiently provided with oxygen and nutrients. That is only one of several mechanisms explaining the decline in effort capacity connected with HF. The impact of the products of anaerobic transformations on the ergoreceptors is also debated. It is believed that they boost receptors in muscles, which -via sensory nerves and the central nervous system -activates the sympathetic nervous system and the respiratory center, and reduces tension of the baroreflexes and the vagus nerve. This compensatory process is very useful in healthy people, but in patients with HF it intensifies destructive changes in the cardiac muscle [13] . All this results in the reduction of physical effort undertaken by the patient and a further weight gain. The above consideration shows that obesity can be both the reason and the result of the escalation of HF. Body mass reduction results in a decrease in left ventricular mass and, even more importantly, leads to a decrease in blood pressure and the level of neurohormones associated with obesity [13] . Notwithstanding, multiple authors have shown that obese patients have a low mortality risk -a phenomenon known as the "obesity paradox" [14] [15] [16] .
Obesity paradox
Early studies about a better prognosis and lower mortality rate in obese patients with HF were published in the 1990s [15] , but an increased interest in the topic of obesity and HF was observed after 2002, when Gruberg et al. noticed that obese patients after percutaneous heart interventions had a lower one-year mortality rate than the non-obese ones [16] . Since then, a lot of studies have been performed with the intention of explaining this phenomenon. at first, it seemed that lean patients have some underlying diseases which exert some influence on a poorer prognosis [16] . Over the last years, attempts have been made to discover a pathophysiological basis of the obesity paradox [17] . Obese patients are known to have a greater metabolic reserve, lower vascular resistance, and lower activity of the renin-angiotensin-aldosterone system than lean ones [16, 18] . These factors may have an influence on better outcomes in the selected group of obese patient, who are considered "metabolically healthy" [16] . It was also proved that the obesity paradox could not be observed in patients with HF and the metabolic syndrome. Insulin resistance in this group of patients is associated with activation of the sympathetic nerves and the renin-angiotensin-aldosterone system, and leads to worse outcomes [19] . While the population of patients developing both HF and the metabolic syndrome is growing, the obesity paradox seems to be in decline nowadays.
The results of a prospective study by Piepoli et al. showed that a factor more important than BMI was exercise tolerance, indicated by peak oxygen consumption. When patients were grouped by this factor, BMI had no influence on survival [20] .
Body mass index and time on the waiting list
One of the most important stages in the process of qualification for a HT is appropriate donor-recipient matching. As we mentioned earlier, research showed that appropriate fitting, including the same gender and a similar BMI, is even more important than a correct BMI per se. What is alarming is that the proportion of patients with BMI ≥ 30 kg/m 2 listed for a HT has significantly increased in the last 20 years [21] . In most cases, obesity is connected with many other illnesses, such as metabolic syndrome, diabetes, hypertension, etc. as a result, it is harder to find an obese donor whose heart meets transplantation requirements. Zieliński et al. reported a significant decrease in the chances of receiving a heart when the patient weighs over 80 kg, and these chances are even smaller in the group with the weight greater than 110 kg [22] . Weiss et al. demonstrated that patients with BMI ≥ 30 kg/m 2 spend twice as much time on the waiting list and are 35% less likely to receive a transplantation than patients with correct weight [9] .
Obesity and left ventricular assist devices
The LVADs can be used in end-stage HF as a destination therapy or as a bridge to transplantation. There have been many studies concerned with the impact of LVADs on body weight in obesity patients [12, [23] [24] [25] . Dhesi et al. assessed changes in total body weight, morbidity and mortality in obese HF patients after implantation of a pulsatile LVAD. The authors of this study showed that an LVAD can be used successfully as a bridge to weight loss and subsequent HT [12] . Clerkin et al. found that weight loss in obese patients as a result of continuous-flow LVaD implantation is possible, though uncommon [23] . It seems that the effect of weight reduction is dependent on the device type [24, 25] . Yanagida et al. found that pulsatile devices are associated with greater weight loss than nonpulsatile continuous flow devices [24] . This observation may be explained by the inherent differences in weight and size of the devices; however, the exact mechanistic differences remain unclear.
The total weight, shape and physical location of the LVAD seem to play a key role in reducing caloric intake. The devices are positioned in the abdominal cavity, leading to compression of the gastric antrum, which consequently contributes to gastric fullness, early feeling of satiety and prolonged gastric emptying [12, [23] [24] [25] . In addition, improvements in exercise capacity after LVAD implantation also lead to increased caloric expenditure as a result of increased physical activity undertaken by the patient [26] . Considering the above, devices can cause both increased caloric expenditure and decreased caloric intake so that it is possible to lose weight.
Regardless of the LVaD's direct influence on the patient's weight, it appears that this procedure can be used together with a sleeve gastrectomy to afford HT eligibility [27] . In order to expedite their weight loss, establishment of a weight loss program for obese LVAD recipients may also be necessary.
Obesity in patients with end-stage heart failure It should also be emphasized that the patients with a greater BMI have lower probability of finding the right donor, and therefore weight loss after LVAD implantation can improve their chance for HT. With all the benefits brought by the implementation of LVAD for obese patients awaiting HT, the side effects of this therapy, such as infections, bleedings, and thrombosis, should be taken into consideration. Patients who are particularly exposed to these complications include those with BMI greater than 35 [28, 29] .
Obesity after heart transplantation
Obesity after HT is becoming an increasing problem. Not only is the group of obese patients undergoing this kind of operation becoming more numerous, but also a considerable number of heart recipients observed after the surgery experience an increase in weight, especially 1 year after HT [30] . Grady et al. reported that the BMIs of 79% of them increased after HT, with an excessively high BMI before the surgery reported as the strongest risk factor [31] . Particularly vulnerable to post-operation weight gain are black and young patients with a non-ischemic etiology of HF, as well as patients whose immunosuppressive treatment does not include mycophenolate mofetil [31] .
Gaining weight after HT is strongly associated with the development of many complications within both the shortand long-term observation period [32] [33] [34] . It was revealed that obesity is a risk factor for primary graft failure [32] , diabetes mellitus [33, 34] , and cardiac allograft vasculopathy [35] . In addition, obesity is associated with a higher rate of 1-year mortality after the surgery [32, 33] . A worsened prognosis in this group of patients could be connected with more frequent complications in the perioperative period [36, 37] . The probability of the above complications after HT in obese patients may be reduced by regular physical activity and losing weight. Regular exercise training after HT improves exercise capacity and peak oxygen uptake, positively influences the endothelium through increased nitric oxide production, and by reduction of inflammation also contributes to slower development of cardiac allograft vasculopathy [38] [39] [40] .
Considering the increased risk of perioperative complications, the development of comorbidities and poorer prognosis after HT in obesity patients, physicians should encourage their patients with high BMI to lose weight both while waiting for and after the heart transplant. It is necessary to introduce wide-ranging prevention programs aimed at promoting a healthy lifestyle and maintain proper body weight in the long-term follow-up after HT.
Conclusions
Obesity is a growing problem in the population of advanced HF patients who are qualified for advanced forms of therapy such as HT and LVAD. The presence of obesity in a candidate for HT is associated with reduced probability of finding the right donor, longer waiting time on the list and increased risk of postoperative complications. The LVAD implantation may offer a chance for obese patients who are not eligible for HT or cannot find the right donor. However, a decision to select this kind of therapeutic procedure should be carefully considered because of possible complications after device implantation. Considering the risks posed by obesity and its increasing prevalence in the advanced HF population, development of safe weight loss programs for obese ventricular assist device and HT recipients is necessary.
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